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(54) Wireless communications network 

(57) A method and apparatus are provided for 
expanding the physical coverage area of a wireless 
communications network in which a number of trans- 
ceivers are connected in a series corrfiguration to a sin* 
gle base station, and each transceiver transmits signals 
to selected portions (subcells) of the physical coverage 
area. Each transceiver is connected to a delay unit 
where all of the delay units are adjusted so that down- 
link signals transmitted from the single base station will 
be transmitted from the transceivers to their respective 
subcells in phase with each other. Since all of the down- 
link signals from each of the transceivers result from the 



same downlink signal from the base station and since 
they are in phase with each other, a wireless unit any- 
where in the physical coverage area will receive a down- 
link signal which is enor free. Further, when uplink 
signals are transmitted simultaneously from a number 
of wireless units in different subcells of the physical cov- 
erage area to the transceivers, the selection units will 
instantaneously select one and only one uplink signal to 
be received by the base station. Any one of the other 
simultaneously transmitted signeUs will be rejected 
throughout the duration of the signal. 
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Description 

This invention relates to a wireless communications 
network which Is used to communicate between a base 
station and multiple wireless units via a set of transceiv- s 
ers that span a physical coverage area. 

When preparing an area for wireless communica- 
tion, some key aspects of the wireless infrastructure are 
costs, configurability, and performance. 

In terms of cost. It Is most attractive to have a single 10 
base station (BS) serve multiple transceivers (TRX) 
than to have a dedicated network access point (AP) for 
each TRX, since the BS is by fer the most expensive 
part of the wireless infrastructure. In this fashion, the 
overall coverage area, or cellsize. served by the BS has is 
been increased in size without significantly increasing 
the costs. Thus, the cell covered by the BS has really 
been partitioned into a number of subcells, each physi- 
cally served by an TRX. An example of such a wireless 
Infrastructure was first proposed in IBM Technical Dis- so 
closure Bulletin, **lnfrared Microbroadcasting Network 
for In-House Data Communication", Vol.24. N0.8, 
pp.4043-4046, Jan. 1982 by F. Gfeiler Gfeller describes 
an infrared microbroadcasting network which is basi- 
cally a star configuratiwi with a central controller. The 2S 
controller in turn can be connected to an access point 
(AP). Each TRX has a dedicated TRX port at the con- 
troller to which it is connected through a cable. The con- 
troller governs the selection of uplink packets and 
subsequent broadcasting of the packets. 30 

In terms of configurability of the subcells. the ques- 
tion of how to position the TRX units without degrading 
performance, is a particularly important one for infrared 
(IR) wireless systems due to IR systems inherently 
small subcells. The smaller the subceli the more sub- 35 
cells are needed to provide uniform coverage in a room. 
The specific location of the TRX units imposes a poten- 
tial problem during broadcasting of packets into the sub- 
cells. Suppose a wireless unit (WU) is right between two 
TRX units. Then, the WU will receive two signal contri- 40 
butions, one from each of the TRX units. If the signal 
from one of the TRX units is delayed with respect to the 
other TRX unit, the packet may be destroyed at the WU 
due to destructive signal interference. What determines 
whether the two signal contributions are delayed with 45 
respect to each other are the cable delays between the 
TRX units and the central distribution point e.g., the 
controller in Qfeller's case. The prior art does not dis- 
close how to provide apprc^riate and configurable 
delays to eliminate destructive signal interference due so 
to subceli overlap. In a star configuration like Gfeller's 
microbroadcasting network, the way to solve the prob- 
lem is to ensure equal cable lengths. But there are sig- 
nificant drawt>acks to such an approach. First of alt. long 
cables can be detrimental to the signal waveform due to ss 
the larger capacitance of a long cable. Secondly, the 
TRX unit which is farthest away from the central distri- 
bution point will determine the cable length to all the 
other TRX units. This is not only wasteful but it also 



makes further expansion of the cellsize difficult If the 
added TRX units require even longer cables. Thirdly, the 
number of cables that can be attached to a controller 
may be limited. There is probably a way to expand the 
bus of the controller; however, the density of cat)les at 
the controller location and the branching out of cables in 
all directions are not particularly attractive - envision the 
cable configuration when preparing a long hallway, or a 
row of offices, for wireless service. The prior art does 
not teach how to install, maintain and expand such an 
infrastructure In an inexpensive, practical and seamless 
manner 

Most wireless systems employ the well known car- 
rier sense multiple access (CSMA) method for access- 
ing the wireless medium, at least in the uplink. It is easy 
to envision that due to the larger cellsize, this will create 
an exaggerated hidden node problem. The hidden node 
problem is the phenomenon of two (or more) WUs 
which can communicate with the BS but are located in 
two different sutxells and therefore can not sense each 
others signals. Furthermore, due to the inaeased pop- 
ulation of WU's, there will be more conrpetition for seiz- 
ing the channel. The net result of this is an inaeased 
number of collisions and wasted packets. This in turn 
degrades the throughput performance. This problem 
was addressed in "A multi-star to-oadcast network for 
local-area communication" by F Closs et al.. Closs 
solves part of this problem by letting the controller (i.e. 
his star node) detect if one or more iplink signals are 
present in the TRX port. If so. a broadcast access con- 
trol circuit will ensure that only one of the uplink signals 
are selected for broadcast. Thus, collision between 
uplink packets from two different subcells is avoided. 
Gloss's access control circuit also guarantees that any 
packet arriving while the broadcast channel Is busy is 
completely rejected (ignored). Thus, truncated packets 
are not selected for broadcast. What the prior art does 
not teach is how to do the selection/rejection of a packet 
without having to wait for the selection circuit (i.e. the 
signal detector and access control circuits) to set up the 
connection to the broadcast channel. This may not be a 
serioi^ problem in a star node, but it is a problem in an 
infrastructure where a packet may have to pass through 
multiple selection circuits. 

In most wireless systems, it is not possible to detect 
a collision. To reduce the probability of collisions within 
a subceli and in general to provide a more reliable and 
efficient data link. CSMA often coexists with a collision 
avoidance (CA) scheme. This was first reported by P 
Karn in "MACA - A new channel access method for 
packet radio" at ARRUCRRL Amateur Radio 9th Com- 
puter Networking Conference. Sept.22, 1990. Today 
there exist several versions of the CA scheme. In gen- 
eral, there are two parts to the CA scheme. The first part 
incorporates a random backoff time where the WUs wait 
a random time after they sense a free channel before 
they transmit their packets. This significantly reduces 
the number of collisions. However, collisions can still 
happen, and packets also get wasted for other reasons 
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(e.g. noise interfer^ce, signal attenuation). The second 
part of the CA scheme typically includes the following 
exchange of packets: WU sends request-to-send (RTS), 
AP responds clear-to-send (CTS), WU sends data 
packet (DATA), and AP acknowledges data reception 
(DACK). In this way. the WU will assume that if tt does 
not receive the CTS or DACK packet within a given time 
that the RTS or DATA packet was lost, and it will transmit 
the RTS or DATA packet again. Since, the other WU's 
see the same packet exchange it will prevent them from 
trying to seize the channel until they detect the DACK 
packet or until a timer expires. However, there is a time 
interval (commonly referred to as the collision window) 
between the RTS and the CTS response in which WU's 
in the other subceils can send out RTS packets as they 
doni know about the initial RTS until the detect the 
broadcasted CTS response. These RTS packets will all 
go to waste since the BS can only handle one RTS 
request at a time. In addition, these post-RTS packets 
may collide with the CTS response in their respective 
subceils. One way to significantly reduce the collision 
window and thus prevent submission of RTS packets in 
the other subceils. is to instantly broadcast the uplink 
packets into all subceils. Gfeller does this in his micro- 
broadcasting network. He is able to do this because the 
wireless uplink and downlink channels are not shared; 
he has a duplex channel. 

What the prior art does not teach is how to alert the 
population of wireless units during uplink transmission 
in the case of a shared wireless uplink and downlink 
channel. The prior art also does not disclose how to 
sen^ice multiple RTS requests at the BS. Currently, the 
BS does not know what to do with a second RTS packet 
until ft has processed the first RTS request Accunuila- 
tion of multiple RTS requests at the BS may provide for 
a more orderly packet exchange between the wireless 
units and the BS and therefore for an improvement in 
the delayAhrougfiput performance under large traffic 
conditions. 

Another exanple of how to expand the cellsize was 
proposed in US Patent Number 4.402.090. issued 
Aug.30, 1983. F. Gfeller et al. In this patent, a plurality of 
satellite stations are connected in a serial bus fashion to 
the central cluster controller. However, since access to 
the bus is regulated by a medium access protocol, and 
since the satellite stations perform functions such as 
address recognition, frame delimiter checK CRC en-or 
checking etc. this method of expanding the coverage 
area Is actually a data link layer approach. The draw- 
back of a data link approach is as follows. Due to txjffer- 
ing of packets in the satellite stations, the inevitak)le 
delay associated with getting access to the bus. packet 
processing, collisions on the bus etc. the throughput 
and delay performance will clearly be degraded. Fur- 
th^more. the introduction of logic signal processing cir- 
cuits in each satellite station wilt increase the cost per 
satellite station over that of a sinrple transceiver. Thus, 
from the standpoint of costs, simplicity and perfcs-nrv 
ance. it is rKSt attractive to expand the cellsize at the 



data link level. 

Accordingly the invention provides a method of 
broadcasting a signal from a base station in a wireless 
network having a plurality of interconnected transceiv- 

5 ers, where each of said transceivers transmit and 
receive signals to and from wireless units within a phys- 
ical coverage area, said method including the step of 
delaying the transmission of downlink signals from each 
of said transceivers by a predetermined time so that the 

w signals transnrdtted from each of said transceivers are in 
phase with one another to allow each of said wireless 
units anywhere in said coverage area to receive said 
signal without errors. 

The invention further provides apparatus for broad* 

15 casting a signal from a base station in a wireless net- 
work having a plurality of interconnected transceivers, 
where each of said transceivers tiBnsmit and receive 
signals to and from wireless units within a physical cov- 
erage area, said apparatus including means for delay- 

20 ing the transmission of downlink signals from each of 
said transceivers by such an anrtount that the signals 
transmitted from each of said transceivers are in phase 
with each other, thereby ensuring that each of said wire- 
less units anywhere in said coverage area receives said 

25 signal without errors. 

The invention further provides apparatus for 
expanding the physical coverage area of a base station 
in a wireless network having a plurality of wireless units 
in a physical coverage area which communicate with 

30 the base station, said coverage area having a plurality 
of subcdts, said apparatus comprising: 

a plurality of transceivers connected to said base 
station through a delay mechanism for providing 

35 respective delays in the transmission of downlink 
signals from said base station so that said downlink 
signals are transmitted from each of saki tiansceiv- 
ers in phase with each other, with each of sakJ 
t'ansceivers transmitting said downlink signals into 

40 a respective one of said sut)cells. and with each 
tiBnsceiver also connected to a selection unit for 
selecting an uplink signal from only one subcell of a 
plurality of said subceils so that a signal from only 
one of said subceils is received by said base station 

45 at any given time. 

The invention furthe provides a method of control- 
ling the flow of signals between wireless units and a 
base station in a wireless communications network hav- 

50 ing a plurality of wireless units WU^ WU2 WU^ 

capable of communicating with said base station when 
in a defined coverage area, said method comprising: 

tansmitting a plurality of RTS signals from a 
55 number of saki wireless units to said base station 
within a predefined time period, each said RTS indi- 
cating a request to transmit data signals or control 
signals from a corresporKiing one of said wireless 
units; 
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storing those of said plurality of RTS signals which 
are received by said base station; 
sequentially transmitting a plurality of CIS signals 
from said base station, each said CTS signal indi- 
cating that one of said wireless units may transmit a s 
data signal or a control signal to said base station, 
wherein each of said CTS signals is immediately 
followed by the transmission of a data signal or a 
control signal from one of said wireless units until 
each of said number of wireless unrts has transmit- w 
ted at least one data signal or one control signal to 
said base station in accordance with said RTS sig- 
nals. 

The above approach allows the physical coverage is 
area of a single base station to be increased by using 
multiple tranceivers where each transceiver is con- 
nected to appropriate delay and selection units. 
Expanding the physical coverage area of a single base 
station helps to reduce the cost of a wireless communi- 20 
cations network. Furthermore, by introducing appropri- 
ate delays in signals being transmitted from the base 
station to the number of transceivers which transmit 
data to wireless units and by selecting uplink signals to 
be received by the base station, the physical coverage 2s 
area can be increased by a factor of. for exanrple. 10. 
The infrastructure for such a wireless system is very 
simplistic and inexpensive, that is not geared for any 
specific room geometry, and enables seamless expan- 
sion of the cell size. 30 

Additionally, such an infrastructure can support 
communications rates in the above 1 Mbps regime by 
offering instantaneous uplink signal selection and 
downlink signal delay compensation at the physical 
layer level with minimal impact on the throughput and 35 
delay performance. Also, the base station may handle 
multiple request-to-send requests. 

Thus a method and apparatus are provided for 
broadcasting a signal from a base station in wireless 
communications network. A number of transceivers are 40 
connected to each other and to the base station. Each 
of the transceivers transmits and receives signals from 
wireless units in respective sutxrells of a physical cover- 
age area. Signals transmitted from the base station to 
the transceivers are delayed so that signals transmitted 45 
from each of the transceivers are in phase with each 
other. Thus each of the wireless units anywhere in the 
coverage area will receive the signals without errors. 
Only one uplink signal from one of the subcells will be 
selected for transmission to the base station, and all of so 
the simultaneously transmitted signals (if any) from non- 
selected subcells will be rejected throughout the dura- 
tion of their signal. 

The invention supports peer-to-peer comnuinica- 
tion as well as communication with hosts on a wired net- ss 
work through an access point. In a preferred 
embodiment, a non-directed infrared wireless local area 
network system is used where the transceivers (also 
known as transponders) are connected to the base sta- 



tion, which in this case is a wired network access point 
(AP), via a single cable. The selection of a particular 
wireless units uplink signal over another's units is done 
at the transceiver location. 

Preferred embodiments of the invention will now be 
described in detail by way of example only, with refer- 
ence to the following figures: 

FIG. 1 a schematically illustrates a scenario in which 
a room has been prepared for infrared (IR) wireless 
data communication vwth a wired network via a 
base station. 

FIG. lb schematically illustrates the wireless infra- 
structure deployed for the room in FIG. la in more 
detail. 

FIG. 1c schematically illustrates how the wireless 
infrastructure can be deployed for various room 
configurations. 

FIG. 2 schematically illustrates the functions of the 
signal selector and delay unit (SSOU). 
FIG. 3a schematically illustrates the main compo- 
nents of the selector circuit. 
FIG. 3b schematically illustrates a possible imple- 
mentation of the decision circuit. 
FIG. 4 schematically illustrates a possible imple- 
mentation of the delay circuit. 
FIG. 5 schematically illustrates a possible imple- 
mentation of the alert sch^e on the base stations 
circuit board. 

FIG. 6 schematically illustrates an example of tfie 
exchange of packets between wireless units (WU) 
and the base station according to the multiple RTS 
approach. 

FIG. la depicts a typical scenario in which a room 
(5) has been prepared for infrared (IR) wireless data 
communication with a wired network (10) via the access 
point (15). The room requires six IR TRX units. TRX^- 
TRXg, to provide uniform coverage. Thus, there are six 
subcells (61 -66) in the room. FIG.Ib shows the wireless 
infrasti-ucture in more detail, i.e. TRX units, SSDU's, 
cables (41-46) and cables (51-56). As seen, each TRX 
is connected to an Signal Selector and Delay Unit 
(SSDU) through the cables (51-56). The SSDU's are in 
turn interconnected with tiie cables (42-46) while the 
cable 41 connects ttie first SSDU to the access point 
(15). The Signal Selector and Delay Unit (SSDU) is 
shown in greater detail in FIG.2. Briefly, the SSDU per- 
forms a selection function in tiie uplink allowing only one 
TRX unit at a time to transmit a received signal to tiie 
access point (AP). and it perfonro a delay function in 
the downlink ensuring that signals are ti-ansmitted into 
ttie subcells in a synchronized fashion. The SSDU has 
three cables connected to it as shown in FIG.Ib. Each 
cable has three signal lines: Transmit data (TXD) (40a) 
which contains the broadcast signal from the AR and 
Receive data (RXD) (40b) and Signal Detect (SD) (40c) 
which, respectively, contain the uplink signal and asso- 
ciated SD from one of the TRX units. The specifics of 
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the SSDU functions will be described in detail below. 

H should be pointed out that the SSDU provides for 
a sinnple and expandable infrastructure that enat^es 
wireless access to a wired network, or peer-to-peer 
communication, for alt sorts of room configurations, s 
Basically, the SSDU is a distribution/branching point. 
Various ways of interconnecting SSDU s and TRX*s for 
the purpose of providing wireless coverage to differ&it 
types of room configurations are shown in FIG. 1c. Hew- 
ever, if an SSDU is the last SSDU, see for example the io 
SSDU's (38, 39), two TRX units may be connected to 
the SSDU's. tf the SSDU is used as a branching point, 
see for example the SSDU's (35. 36. 37). two other 
SSDU's are connected to it FIG. 1c shows that the 
SSDU provdes wireless access to a wired network for is 
individual offices (91 ,92), larger offices (93), conference 
rooms (94) etc. The SSDU makes this possible with a 
minimum amount of cat)ling irrvolved. a minimum 
amount of time necessary to install the infrastructure, 
and with the assurance of an effortless expansion or 20 
reconfiguration of the infrastructure. Because the cable 
lengths between successive SSDU's will in general be 
short the signals propagating on the cables will not be 
significantly affected by the capacitive load of the cable 
as the signal is reamplified, or perhaps even regener- 2s 
ated, at each SSDU before it is passed on to the next 
SSDU or TRX. 

The presentation of the preferred embodiment is 
divided into three parts: Uplink, Downlink, Hidden 
Nodes and Multiple RTS Systenrts. tn the preferred 30 
embodiment, the infrared (IR) system is of the non- 
directed type (either diffused or line-of-sight type). Such 
a system will have overlapping areas (71-77) between 
the subcelis due to the in general circular shape of the 
individual suk>cell boundaries (61 -66). The system oper- 35 
ates above IMbps employing a 16-Pulse Position Mod- 
ulation (16-PPM) technique. The wireless channel is 
accessed according to the Carrier Sense Multiple 
Access (CSMA) method with some sort of Collision 
Avoidance (CA) built in. The wireless channel is shared 40 
between the uplink and downlink. Thus, the TRX units 
transmit IR signals to the wireless units (WU) (85-87) 
and receive IR signals from the WU's on the same infra- 
red channel. Note, that the two terms, access point (AP) 
and controller, which will be used extensively in the fol- 45 
lowing, can be thought of as a particular configuration of 
a base station (BS). 

UPLINK: The WU's will typically be mobile users. 
For exanrtple the WU (87) may nrove from a first so 
petition (87a) to a second position (87b), which is 
located in the overlap area (71), and further on to a 
third position (87c). Thus, the following problem has 
to be addressed as the WU moves into the overlap 
area (71). Namely, which of the two TRX units, ss 
TRX^ ai\d TRX2, are to be used for transferring the 
WU's signal to the AP without wasting the packet. 
Another possible problem is when the WU at posi- 
tion (87a) is transmitting a packet via TRXg and the 



WU (85) in subcell 4 starts transmitting a packet via 
TRX4 before the WU (87a) has completed its trans- 
mission. Thus, a provision is taken in the SSDU 
(100). which is shown in further detail in F1G.2. to 
select the uplink signal of only one TRX unit or said 
differently, to keep a connection open between a 
certain TRX and the AP throughout the duration of 
the packet. This is done in the following way. 

Transceivers are usually equipped with a received 
signal indicator (RSI). For example, the RSI could be 
provided in the form of a Signal Detect (SD) feature 
where SD is enat>led when the receiver detects the pre- 
amble part of an uplink packet. Typically, the SD is ena- 
bled after a couple of preamble cycles and will be 
disabled shortly after the end of the packet. Thus. SD 
can be used as an indicator of whether a packet is 
present. As seen from FIG.2. the SSDU takes two SD's 
as input, SDa (105a) and SDb (106a). The SD's are typ- 
ically supplied from another SSDU. i.e. source A (105), 
and a TRX unit, i.e. source B (106), though other config- 
urations are possible which will be discussed later. The 
SD's are used by the decision circuit (200) in FIG.3a 
which shows an exploded general view of the deci- 
sion/connection circuit (130). Based on the transitions 
of the inputs, the decision circuit generates a selector 
signal, Q. (1 33) which in tum is used as input to the con- 
nection circuit (270) to connect one of the inputs 
sources A or 6 to the output (110). in its simplest form, 
the decision circuit is a state machine which only 
changes state when the two SD inputs are logically dif- 
ferent. For example. Q=1 is generated when (SD^. SDg) 
= (0.1) and Q=0 when (SD^. SDg) « (1 .0)..When the two 
inputs are logically alike, i.e. (SDa. SDq) = ( 1 . 1 ) or (0.0), 
Q remains unchanged, i.e. Q(t+1)siQ(t) . Such a circuit 
could be built with one flip-flop, two AND gates and two 
inverters. 

The connection circuit can be designed in a number 
of ways. In its simplest form, the input sources A (105) 
and B (106) are both connected to the output (110) via 
an OR gate. However, once a packet appears at one of 
the inputs, say the A input (105). the B input (106) is dis- 
connected from the output. Should another signal 
appear at the B irput in the mean time, it will be wasted. 
Once the packet on the A input is no longer present, the 
B input is reconnected to the output, and should a 
packet still be present at the B input, the A input is dis- 
connected from the output. A logical representation of 
this is: 



where X is a substitute for either SD or RXD. The alter- 
native way of doing ttiis selection is to keep the inputs 
disconnected from the output and wait until a packet 
appears at one of the inputs. Once a packet appears on 
an input then a connection is set up between that input 
and the output (This is basically the mechanism of a tel- 
^one circuit ^tch.) The drawt>ack of doing the selec- 
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tion this latter way is that fragments of the front part of 
the packet are lost while waiting for the decision/con- 
nection circuit to establish a connection to the output. 
The degree of this packet truncation will depend on the 
speed of the logic circuits and on the number of SSDU's 5 
the packet is passing through on its way to the AR The 
advantage of our selection approach is that any packet 
present at one of the inputs is immediately fonivarded to 
the output in unaltered form. Absolutely no time is 
wasted in setting up the connection. 

The decision/connection process is essentially a 
first-come-first-serve mechanism with no queue. A 
packet P2 that arrives before the end of an already 
selected packet P1. is wasted. This is so because the 
decision circuit (200) only changes state when the two is 
SD inputs (1 05. 1 06) become logically different. If at first 
the SD inputs are (SDa, SDb) * (1 .0), and therefore the 
A source signals. SD^ and RXOa. are selected, and 
then a few microseconds later the SD inputs are (SDa. 
SDb) » (1 . 1 ). the a source signals remain the selected 20 
signals since Q(t+1)=Q(t) . The benefit from this is that 
when WU (87a) moves to position (87b) in the overlap 
area (71) in FIG. 1a while transmitting a packet, the WU 
remains connected to the AP via the TRXg. In a way 
this is really a packet/signal capture approach at the 2s 
physical layer level. Note, a connection between a cer- 
tain TRX, say TRXe in FIG. la, and the AP is only estab- 
lished if a packet from the TRX arrives at all the SSDU's, 
SSDUi-SSDUe. before any other packet. This may 
seem to favor packets originating from the first subcell 30 
61 since a packet from this subcell will arrive at the 
SSDUi faster than say a packet originating from subcell 
6 (66) which will experience the propagation delay of 
the cables (42-46) before arriving at the SSDUv How- 
ever, since the propagation delay between the last 35 
SSDUg and the first SSDU1 is typically in the order of a 
bit period, this is not of any particular significance 
assuming the gate delay in the connection circuit (270) 
is of the same magnitude as the propagation delay of 
each cable. 40 

In the above suggested approach for connecting 
the inputs to the output, any subsequent packet P2 that 
arrives before the end of an already selected packet Pi . 
is essentially wasted. Nevertheless, whatever remains 
of packet P2 is still fonwarded to the AP This is not an 4s 
efficient scheme for systems where the uplink packets 
are rebroadcast into the subcells (e.g. peer-to-peer sys- 
tems), or in systems where the AP is capable of accept- 
ing multiple successive RTS requests from a number of 
WU's. (These systems will be discussed in further detail so 
in a later subsection.) Suppose a subsequent packet P2 
is received on the B input before the end of a packet PI 
on the A input. Suppose further that a few microseconds 
after PI another packet P3 appears on the A input, then 
it would be more efficient to let P3 pass through to the ss 
AP instead of passing on the remains of P2 which is 
wasted anyway To accommodate this more compli- 
cated decision/connection procedure, two selector sig- 
nals. Qa (133) and Qb (134), must be provided on ttie 



output of the decision circuit (200) in FIG.3a. The two 
selector signals are in in turn used as inputs to the con- 
nection circuit (270). The logical representation of the 
connection circuit (270) is now 

where X is a substitute for either SD or RXD. The deci- 
sion circuit can be built with two flip-flops, four AND 
gates, four OR gates and one inverter as shown in 
FIG.3b. The Qe input is used to put the decision circuit 
into the state of (Qa. Qb) = (0.0) for Q^ = 0 such that no 
inputs are connected to the output. This state is denoted 
as the disable state, and Qg o 1 puts the decision circuit 
into its enable state. When the circuit is initially powered 
up. it will be in the disable state. 

In the above mentioned rebroadcast and multiple 
RTS systems, it may also be important to monitor the 
time spacing between successive packets. Suppose 
two successive packets, P1 and P2, arrive at the AP (or 
controller in peer-to-peer mode) with Pi arriving first. If 
PI arKi P2 are spaced less than the so-called interframe 
spacing, the AP (or controller) will not be able to detect 
the later packet P2. Thus, the notion is that if PI and P2 
are spaced less than the interframe spacing, P2 should 
not be fonwarded to the AP as it is essentially a last 
packet. To enforce a minimum time spacing between 
successive packets, the decision circuit (200) in FIG.3a 
can be modified to enter a state where it will start a 
count down timer (140) every tinrre a packet has been 
passed on to the output. The modification of the deci- 
sion circuit (200) includes the addition of a flip-flop and 
a counter/delay circuit. The connection circuit (270) is 
unchanged. During count down, the selector outputs 
(133) and (134) are kept at (Qa. Qb) (0,0). Thus, the 
inputs are disconnected from the output. Upon expira- 
tion of the timer, the modified decision circuit enters the 
state (Qa. Qb) = (0,0), which is the same state as the 
decision circuit (200) is put into when Qg = 0. The timer 
(140) can be adjusted externally to T^^^, ^^gap- 

DOWNLINK: The broadcasting of downlink signals 
is as follows. The SSDU (100) in FIG.2 receives a 
transmit signal, TXD, from the previous SSDU on 
the TXD,^j line (165). The TXD signal originates 
from the AR The signal is then split into two paths. 
One part of the signal is first regenerated in the 
regenerator (RG) (180) and then passed on to the 
next SSDU on the TXDa line (167). Another part of 
the signal is first processed in the delay element 
(160) before it is passed on to the TRX unit on the 
TXDb line (166). The delay element delays the sig- 
nal destined for the TRX unit. The purpose and 
functionality of the delay element is explained in the 
following. 

A WU. say (87b) in FIG. la, will receive signal con- 
tributions from each of the TRX units. TRXi-TRXg. in 
FIG. la. In general, the contributions from the nearest 



6 



BNSOOCtD: <EP 0X52764*2 I > 



11 



EP0752 764A2 



12 



TRX unit will also be the strongest. Thus, when a WU 
(87b) is right between two TRX units, the WU will 
receive two signal contributions of conparatie strength 
from TRXi and TRXe- If no provision is taken, the signal 
from TRXe will be delayed with the propagation delay in 
the cables (42-46). Suppose the length of each the 
cable pieces is 5m and the cable propagation velocity is 
2x10^ m/s. then the total propagation delay in 5 pieces 
of 5m cable will be 5x5m/(2x10® nVs) = I25ns . Con- 
sidering a 1Mbps system employing 16-PPM modula- 
tion in which. the duration of a tick symbol is 250ns. i.e. 
the chip-time, the combined signal received by the WU 
will be severely distorted. One way to compensate for 
the propagation delay is to delay the TRX transmit sig- 
nal on the TRXe line (106) in FIG.2 in such a fashion 
that the transmitted signals from all TRX units are trans- 
mitted in phase. The delay element (160) in FIG.2 per- 
forms this delay compensation. To ensure that signals 
are transmitted in a synchronized fashion from all TRX 
units, the required delay, i^i^ to impose on the TRXg sig- 
nal (106) destined to the k1h TRX unit can be expressed 
as: 

where N is the last expected TRX unit to be designed 
for. and tpDjj+i is the propagation delay in the cable 
between SSOUj and SSDUj+i . Thus, to accurately com- 
pensate for the propagation delay, the cable delays 
tpQ j j^i must be known. 

In typical infrared wireless infrastructure scenarios, 
cable delays may range between 25ns and 1000ns. 
Delays of this magnitude can be implemented as shown 
in FIG.4. The general idea is to take advarttage of the 
transmit signals preamble sequence in the phase- 
locked loop (PLL) (300) to quickly phase-lock an oscilld- 
tor. The phase-locked oscillator signal is in turn used to 
clock the transmit signal down the chain of flip-flops 
(320). The delay, to,k. 'S determined by the nunrtber. m, 
of flip-flops the transmit signal passes through and by 
the oscillator dock frequency, fcik. according to 
t Q n = m(k) /f , where m(k) is the number of flip-flops 
required to impose a delay of t^ ^ on the transmit signal 
to the k'th TRX unit m(k) is adjusted by setting the DIP 
switch (170). For perfect delay compensation, the fol- 
lowing equality ntust be satisfied: 



Calculating to.k • to.k+i yields (m(k) - m(k+1))/fcik 
- 1 po • "Hiis equation shows that the cable propa- 
gation delays, tpo^j^^^. tmsX be a multiple of l/f^ic. In 
other words, tiie length of the cables (41-46) in FIG. la 
and FIG.1b must be selected carefully. Suppose the 



shortest cable between two SSDU*s, SSDU^ and 
SSDUk+1. is 5m. This corresponds to a propagation 
delay of tpQ K.k+i = 25ns. Thus an oscillator frequency of 
fc(K = 40MHz is required to provide this minimum delay 

5 of 25ns. If a room requires 6 TRX units to provtie uni- 
form coverage, and every two consecutive SSDU's. 
SSDUk and SSDUk+i. are interconnected with a 5m 
cable, then the delay that should be imposed on tiie 
ti^nsmit sigral to the kth TRX unit is to.k = (6-k)x25ns. 

10 To accommodate this range of delays, i.e. from 0ns to 
125ns, a mintmum of 5 flip-flops is required as each ftip- 
fbp can provide a delay of 25ns. The largest delay of 
to;} = 125ns to impose on the transmit signal takes 
place at SSDUi . Note, tiiat if for some reason any of the 

15 cables need to be longer than 5m. then only cable 
lengths which are a multiple of 5m should be used. 

To simplify tiie PLL circuit, and therefore reduce the 
cost, it is desirable if the relationship between the clock 
frequency, fcst. and the chip-rate, fchip, is a power of 2, 

20 i.e. fcik^chip = 2^* where p = 0,1.2,3.... The chip-rate is 
defined as tiie inverse of the duration of a tick symbol 
(i.e. ttie chip-time). For a 16-PPM 1Mbps modulation 
formal the chip-rate is ichp = 4MHz. For p = 3, the clock 
frequency becomes f^k - 32MHz which yields a small- 

25 est delay of 31 .25ns. This delay corresponds to a small- 
est cable length of 6.25m. Thus, the allowable cat»le 
lengths to be employed in the wireless infrastructure are 
6.25m, 12.5m, 18.75m. 25.0m ard so forth. 

Note that the transnrttt signal, TXDb. on the output of 

30 tiie delay element is a reconditioned version of the Input 
signal. TXD|n, since the delay element essentially sam- 
ples and subsequentiy digitizes the input signal at a 
high sampling frequency. For example, the delay ele- 
ment will eliminate any tails in the waveform of the input 

35 signal. 

Note, that the regenerator (180) in FIG.2 may sim- 
ply be a single flip-flop operated in the same fashion as 
tiie delay element (160), utilizing the delay elements 
PLL dock signal, f^ik. to clock its flip-flop. In fact, tiie 

40 regenerated signal may simply be obtained from the 
output of tiie first flip-flop. FF^. in the delay element. The 
secondary irnpact on tiie TXD^ transmit signal (167) is 
that it will be delayed with a fixed amount of about 
1 A2fcik) at each SSDU. The regenerator could also be a 

45 more advanced circuit. It rrray be worth while to incorpo- 
rate a counter into the delay circuit to remove possible 
noise spikes in tiie input transmit signal. The purpose of 
tiie counter would be to count tiie number of Vs in an 
incoming tick on the TXDjfg input signal. In a perfect 

50 pulse there should be 32MHz/4MHz = 8 Vs. in a system 
with fchip =4MHz and f^k = 32MHz. Only if more than 
say 6 Vs are detected are the 6 Vs considered being a 
tick, and thus the tick symbol is reproduced. If 6 or less 
Vs are detected, tiiis is considered a noise spike and 

55 tiie 6 or less Vs are turned into O's. The later approach 
may prove necessary after long cables or at branching 
points such as SSDU (37) in FIG. 1c. 

HIDDEN NODES: The throughput of a wireless 



7 



BNSOOCIO: <EP_0rSZ764Aaj_> 



13 



EP0 752 764 A2 



14 



system as shown in FIG.la will become increas- 
ingly worse as the number of WU's and number of 
subcells grow. This is partly because the uplink sig- 
nal from an WU^ (87a) is not seen by WU's in the 
neighbor subcells. Only those WU's resident in 5 
WU^'s own subceil can detect the signal. This is 
basically a variant of the well Known hidden node 
problem within a single subceil. Since only one TRX 
at a time is connected to the AR namely for the 
duration of the WU's packet, this hidden node prob- w 
lem is somewhat different than the hidden node 
problem within a single subceil. Firstly, in the multi- 
ple subceil case hidden nodes can not cause a col- 
lision with WU^'s uplink packets since only one TRX 
at a time is connected to the AR Secondly, even is 
though hidden nodes, upon submission of an RTS 
packet can cause collision with the AP's downlink 
data/control packets in their own subceil, this will 
not affect the reception of these packets at WU^ 
which is in a collision free subceil (ideally). A poten- 20 
tial concern is the much higher probability that an 
WU from a neighbor subceil, say WU2. may submit 
a packet P2 at a point in time where another packet 
P1 is already in process of being transfen'ed to the 
AR This is a partcularly severe problem in systems 2$ 
which only utilize a DATA/ACK control packet 
exchange. Suppose a packet PI originates from a 
WUi (87c) in the first subceil (61 ) in FIG. 1 a and sup- 
pose the later packet P2 originates from a WUg (86) 
in the second subceil (62). As explained in the 30 
uplink section, no part of P2 will ever be transmitted 
to the AP because SSDU^ is busy with P1 as P2 
anrives. Suppose now that P2 is a very long packet. 
Then in essence P2 is preventing packets from any 
of the SLdx:ells (63-66) from being transmitted to the 35 
AP since SSDU2 is busy with P2 and thus will reject 
any packets from SSDU3. if on the other hand the 
WU's in the other subcells. including the second 
subceil. were alerted about activity on the wireless 
channel, i.e. that WU^ is sending a packet to the AP. 40 
then the packet P2 could not be submitted during 
P1 and thi« P2 would be fonwarded to AP and not 
be rejected by the SSDU2. The alert scheme may 
be implemented in the following way for systems 
that use a shared wireless channel. 45 

Let the AP (or controller) send out a narrow-band 
alert signal ttiroughout the duration of an uplink packet. 
The alert signal shoukJ be such that only WU*s can 
detect it, and it should not Interfere with the wireless so 
data channel. Its purpose is to enable the earner sense 
in the WU's. To implement this feature requires the addi- 
tion of a simple narrow-band filter circuit in the WU's 
receiver. 

In peer-to-peer systems, the alert scheme may be ss 
supplemented with the following additional feature. Let 
the controller temporarily store the uplink packet. When 
the controller detects the end of the packet, based on 
the absence of the signal detect from SSDUi. the 



packet is released for rebroadcast. In the case of an 
access point approach, the AP will disable the rebroad- 
cast of the packets if the packet is destined for the wired 
network. As will become clear from the next subsection, 
the rebroadcast scheme is not suitable for a multiple 
RTS system. 

FIG.5 shows a possible implementation of the alert 
scheme on the AP circuit board (400). or in a controller 
unit. The oscillator (405) provides the alert signal which 
is only broadcast if the signal detect line (410) from 
SSDU1 is enabled, i.e. SD = 1. and if the enable alert 
line (415) from the AP is high. i.e. EA = 1 . When the AP 
is broadcasting EA is disabled. The oscillator could pro- 
vide an 8MHz signal that will not interfere with the 
1Mbps 16-PPM wireless data channel. 

A potential problem with this method is the long 
propagation delays in an infrastructure as shown in 
FIG, 1c. Suppose an WU in one of the two subcells in 
room (93) submits a packet, then the WU's in the other 
subceil in the room (93) will not receive the alert signal 
until after two times the propagation delay between the 
room (93) and the AP (15). This delay in the alert signal 
can be significantly reduced by incorporating the alert 
circuit of F1G.5 in each SSDU. The circuit configuration 
would be nuch the same except there would not be an 
EA line but instead a signal detect circuit which would 
monitor the TXD(n line (165) in FIG.2 for broadcast 
packets from the AR If broadcast packets are present, 
the detect circuit will disable the alert signal. 

MULTIPLE RTS SYSTEMS: As mentioned in the 
background section, some systems employ a colli- 
sion avoidance protocol based on the following 
exchange of packets: WU sends request-to-send 
(RTS). AP responds dear-to-send (CTS), WU 
sends data packet (DATA), and AP acknowledges 
data reception (ACK). In systems with a large pop- 
ulation of WU's. or where the WU's are very active, 
the collision avoidance (C A) medium access (MAC) 
protocol, as described In the background section, 
may not provide a satisfactory throughput and delay 
performance. Since the possibility exists with the 
proposed infrastructure to provide coverage of 
large areas, it is likely that occasionally there will be 
a large population of WU's in the coverage area, or 
that a couple of WU's are significantly stressing the 
AR In current RTS based systems, the AP must 
complete the processing of one RTS request before 
it can service another RTS request. As will be 
described in the following, the benefit of enabling 
the AP to accumulate/service multiple RTS 
requests is a more orderly/predictable flow of pack- 
ets, and due to the reduction in the randomness of 
the packet flow in a multiple RTS system, an 
improvement in the throughput and delay perform- 
ance is expected under large traffic conditions. 
Servicing multiple RTS requests is especially 
attractive for a large population wireless cell which 
is divided into a number of subcells as will be 
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explained in the following. 

The approach is to enable the AP to accumulate 

multiple received RTS requests (RTSi. RTS2. RTS3 ) 

In a certain well defined time interval, tpis. Denote RTSj 
from WUi as the ilh successfully received RTS request 
at the AP in the time interval between the first success- 
fully received RTS^ request and the AP's CTSi 
response to WU v Note, that in this context. WU) is refer- 
ring to that WU whose RTS request is successfully 
received as the i'th RTS request at the AR The concept 
is schematically presented in FIG.6 which shows an 
example of the exchange of control packets (i.e. RTS. 
CTS, ACK) associated with uplink data packets (DATA). 
The exchange of packets is divided into three time peri* 
ods (501). (502), and (503) which are denoted as tpts. 
^DATA. tBA. respectively. The RTS time window, tpts. 
(501 ) is entered upon the first successful reception of an 
RTS request at the AP During this interval the AP can 
queue multiple RTS requests. All WU's are aware that 
the channel is not available during the transmission of 
an uplink packet due to the broadcasting of the alert sig- 
nal as described in the previous section. Combined with 
the fact that the SSDU's ensures that a packet from only 
one of the subcells will be forwarded to the AP. even 
though packets from other subcells may be present, this 
ensures a more successful reception of RTS requests 
at the AP To inaease the number of accumulated RTS 
requests at the AP, the WU's maximum t^ackoff time 
should be reduced to something smaller than tprs 
and/or an WU may be encouraged to submit the same 
RTS request more than once within tm-s- Whai the RTS 
time window expires, the data period (502) is entered. 
The AP submits a CTS response to the first WU whose 
RTSi the AP received. Upon reception of the CTSi 
response at WU^ . the WU quickly submits its data to the 
AP The AP in turn acknowledges the reckon of the 
data by broadcasting the ACK^ response. In innmediate 
succession of ACK^ follows the CTS2 response which 
prompts WU2 to submit its data. This packet exchange 
continues until the AP has serviced all the RTS 
responses. It is assumed that any downlink DATA pack- 
ets that may accumulate in the AP are also exchanged 
in the data period (502). (The exchange of any downlink 
DATA packet and corresponding ACK response from the 
WU is not shown in FIG.6.) The data period expires 
when the last ACK response is broadcast and when the 
AP has no more data to broadcast. At this point the sys- 
tem enters the pre-RTS time window (503). Under busy 
conditions, tiie duration of this window will often be gov- 
erned by the WU's t^ack-off timer(s). However, if the AP 
does not receive any signals within a certain minimum 
response time, the AP itself may use the channel to 
broadcast data it has received from the wired network in 
the mean time. When the AP has transmitted this data, 
the system enters the pre-RTS time window again. 
Once the first RTS request has been successfully 
received by the AP, the RTS time wirxlow is entered, 
and only RTS packets from the WU's may be submitted. 



Note, that a WU does not know if its RTS packet (or 
DATA packet) was successfully received by tiie AP until 
it receives the CTS response (or the ACK response) 
from the AP. If it does not receive the CTS response (or 

5 the ACK response) before the end of the data period (or 
immediately after the DATA packet) or. in the event there 
is no data period, before a given time, it wilt assume the 
RTS packet (or the DATA packet) was lost and submit 
another RTS packet. Furthermore, if the AP does not 

10 receive the DATA packet immediately after it has submit- 
ted the CTS response, it will suspend servicing the cur- 
rent RTS and junp to submit the next CTS response. 

The multiple-RTS protocol in the uplink may have to 
coexist with an RTS-CTS-DATA-ACK data broadcast 

15 packet exchange in the downlink instead of just an 
DATA-ACK exchange as suggested above. The inclu- 
sion of the RTS-CTS packets serves as a probe for the 
current reliability of the wireless link. The current relia- 
bility is of particular importance in the downlink which in 

20 general cames most of the traffic. The notion is that if 
the RTS-CTS exchange is not successful then the 
DATA-ACK exchange will not be successful either Thus, 
the DATA packet is stored for a later try or simply dis- 
carded. Since RTS-CTS is typically a 128-byte 

25 exchange (it could be smaller) and the DATA-ACK could 
well be a 1564-byte exchange (or larger), the net result 
of the probing is an improvement in tiie channel utiliza- 
tion. This is a particular suitable protocol if the CTS 
respor^e to an RTS request is immediate, in which case 

30 the RTS-CTS-DATA-ACK data broadcast exchange is 
executed between ACKj and CTSj^i in the data period. 

Claims 

35 1 . A method of broadcasting a signal from a base sta- 
tion in a wireless network having a plurality of inter- 
connected transceivers, where each of said 
ti'ansceivers ti'ansnnit and receive signals to and 
from wireless units within a physical coverage area, 

40 said method including the step of delaying the 
ti-ansmission of downlink signals from each of said 
transceivers by a predetermined time so that tiie 
signals transnnitted from each of said transceivers 
are in phase with one another to allow each of said 

45 wireless units anywhere in said coverage area to 
receive said signal without errors. 

2. An apparatus for broadcasting a signal from a base 
station in a wireless network having a plurality of 

50 interconnected transceivers, where each of said 
fransceivers ti'ansmit and receive signals to and 
from wireless units within a physical coverage area, 
said a^ratus including means for delaying the 
transmission of downlink signals from each of said 

55 transceivers by such an amount that tiie signals 
tiansmitted from each of said transceivers are in 
phase with each other, thereby ensuring that each 
of said wireless units anywhere in said coverage 
area receives said signal without en-ors. 
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3. Apparatus for expanding the physical coverage 
area of a base station in a wireless network having 
a plurality of wireless units in a physical coverage 
area which communicate with the base station, said 
coverage area having a plurality of subcells. said 5 
apparatus comprising: 

a plurality of transceivers connected to said 
base station through a delay mechanism for 
providing respective delays in the transmission 10 
of downlink signals from said base station so 
that said downlink signals are transmitted from 
each of said transceivers in phase with each 
other, with each of said transceivers transmit- 
ting said downlink signals into a respective one is 
of said subcells. and with each transceiver also 
connected to a selection unit for selecting an 
uplink signal from only one subcell of a plurality 
of said subcells so that a signal from only one 
of said subcells is received by said base station 20 
at any given time. 

4. Af^ratus as recited in claim 3. wherein each said 
selection unit comprises a pair of inputs, where 
each input can receive a signal from one of said 2s 
subcells. and where each selection unit will forward 
only one signal from one of said subcells at any 
given time, and wherein each said selection unit will 
forward a signal S from one of said inputs if and 
only if there is no other signal being fonwarded from 30 
another input when S an-ives at said one input of 
said selection unit. 

5. Apparatus as recited in claim 4. wherein said selec- 
tion unit will forward a signal S from one of said 35 
inputs if and only if said signal S arrives at said one 
input a certain minimum time after another sigr^l 
has been completely forwarded from any one of 
said inputs. 

40 

6. Apparatus as recited in claim 4 wherein said pair of 
inputs are simultaneously connected to an output of 
said selection unit if and only if there is no signal 
present at any of said inputs and wherein one of 
said inputs is disconnected from said output if a 45 
signal should arrive at the other input I2, and 
wherein 1^ Is reconnected to said output when there 
are no signals present on any of said inputs. 

7. Apparatus as recited in any of claims 3-6. further so 
comprising means for broadcasting an alert busy 
signal from said base station to indicate that one of 
said wireless units is cun^ently transmitting an 
uplink signal, whilst said uplink signal is being 
transmitted. 55 

8. Apparatus as recited in any of dainr^ 3-7. wherein 
said delay mechanism comprises a plurality of flip- 
flop circuits connected to each other in a series 



configuration through a plurality of switches and a 
clock recovery circuit for generating a clock signal 
that is synchronized with an input signal of said 
delay unit, wherein said switches are used to select 
a desired delay 

9. Apparatus as recited in any of claims 3-8, compris- 
ing: 

a plurality of selection units connected to each 
other in a series configuration along the length 
of an uplink interconnection extending from 
said base station; 

a plurality of transceivers, each transceiver 
being connected to one of said selection units, 
and each transceiver transmitting and receiv- 
ing signals from sakj wireless units which are in 
one of said subcells. wherein said series con- 
figuration of sakj selection units will select a 
signal from only one subcell through said trans- 
ceivers at any given time; and 
a plurality of delay mechanisms, where an out- 
put of each of said delay mechanisms is con- 
nected to one of said transceivers and where 
an input of each of said delay mechanisms is 
connected to a shared downlink interconnect 
extending from said base station, where each 
delay mechanism provides delay so that sig- 
nals transmitted from said base station through 
said transceivers and to said wireless units will 
be transmitted from said transceivers in phase 
with each other. 

10. Apparatus as recited In any of claims 3-8. compris- 
ing: 

a plurality of selection units connected to each 
other in a spanning tree configuration, with said 
base station connected to a root of said tree; 
a plurality of delay units connected to said base 
station through said spanning tree configura- 
tion; and 

a plurality of transceivers, with each of said 
transceivers connected to one of said selection 
units and one of said delay units, each of said 
transceivers including means for transmitting 
and receiving signals to and from wireless units 
in one of said sut)celts. 

each of said selection units including means for 
fonwarding uplink signals towards the root of 
said tree configuration to said t>ase station from 
only one of said subcells at a time, so that a 
signal from only one of said sutxells can be 
transmitted to said base station at any given 
time, and 

each of sakJ delay units providing delay at each 
of said transceivers so that a signal broad- 
casted from said base station through said tree 
configuration will be transmitted from each of 
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said transceivers to satd wireless units in 
phase with each other. 

11 . A selector unit for forwarding a signal through itself, 
said unit comprising: s 

an output; 

K inputs h through Ik: 

means for providing sinnultaneous connections 
from all of said K inputs to said outputs if and w 
only if there are.no signals on any of said K 
inputs: 

means for disconnecting all of said K inputs 
except for a j*th input Ij of said K inputs if a sig- 
nal arrives at said j-th input; and is 
means for reconnecting said disconnected 
inputs li through Ij.^ and through Ik after 
said signal on Ij was completely forwarded to 
said output, each of said disconnected inputs 
being reconnected to said output if and only if 20 
there is no signal present on said each input 
and if and only if there is no signal being for- 
warded to said output on any other of said 
inputs. 

25 

12. Apparatus as recited in claim 11, wherein said 
inputs are connected to outputs of other selector 
units and/or to other signal sources and wherein 
said output is connected to an input of another 
selector unit or to a base station of a wireless net- 30 
work. 

1 3. Apparatus as recited in claim 1 1 or 1 2 wherein said 
selection unit will forward a signal S from one of 
said K inputs if and only if said signal S arrives at 3S 
any of said inputs a certain minimum time after 
another signal has been completely forwarded from 
one of said inputs. 

14. An adjustable delay circuit for regenerating a 4o 
received digital stream with a desired delay, said 
circuit comprising: 



15. A method of controlling the flow of signals between 
wireless units and a base station in a wireless com- 
munications network having a plurality of wireless 
units WUv WU2 WUm capable of communicat- 
ing with sakj base station when in a defined cover- 
age area, said method comprising: 

transmitting a plurality of RTS signals from a 
nunrtber of said wireless units to said base sta- 
tion within a predefined time period, each said 
RTS indicating a request to transmit data sig- 
nals or control signals from a corresponding 
one of said wireless units; 
staing those of said plurality of RTS signals 
which are received by said base station; 
sequentially transmitting a plurality of CIS sig- 
nals from said base station, each said CTS sig- 
nal indicating that one of said wireless units 
may transmit a data signal or a control signal to 
said base station, wherein each of said CTS 
signals is immediately followed by the trans- 
mission of a data signal or a control signal from 
one of said wireless units until each of said 
number of wireless units has transmitted at 
least one data signal or one control signal to 
said base station in accordance with said RTS 
signals. 

16. The method of claim 15, comprising the steps of: 

transmitting a plurality of RTS signals from a 
number of said wireless units to said base sta- 
tion within a predefined time period Tfas, 
said RTS signal indicating a request to transmit 
an DATA packet from a corresponding one of 
said wireless units; 

storing those of said plurality of RTS signals 
which are received by said base station; 
transmitting an CTS signal from said base sta- 
tion after said time period Tp-ps >n response to 
one of said received RTS signals, said CTS 
signal indicating that one of said wireless units 
may transmit an DATA packet to said base sta- 
tion; 

transmitting said DATA packet from said one 
wireless unit; 

transmitting from said base station an ACK sig- 
nal to said wireless unit immediately followed 
by another CTS signal, said ACK signal indicat- 
ing that said DATA packet was received and 
said other CTS signal indicating that one of 
said wireless units may transmit a DATA packet 
to said base station; and 
repeating said transmitting step for each RTS 
signal stored in said base station until all said 
DATA packets indicated by said stored RTS sig- 
nals have been transmitted to said base sta- 
tion. 



a plurality of flip-flop circuits connectat}le to 
each other in a series corrfiguration; 45 
a dock recovery circuit for generating a clock 
signal in phase with said digital stream, said 
clock signal for simultaneously docking each of 
said f lip-fbp circuits; and 

a plurality of switches, each of said switches so 
connecting an output of a flip-flop to either an 
input of a next one of said flip-flops or to an out- 
put of said delay circuit, wherein a nunr^er of 
said flip-flop circuits are connected to each 
other in a series configuration by setting a ss 
numt>er of said switches to connect to inputs of 
said number of flip-flop circuits so as to obtain 
said desired delay. 
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17. A method as recited in daim 16. further comprising 
transmitting an RTS signal to a wireless unit, said 
wireless unit responding by transmitting an CIS 
signal to said base station, said base station 
responding by transmitting an DATA packet to said 
wireless unit, said wireless unit responding by 
transmitting an ACK signal to said base station, and 
wherein this exchange of RTS CTS DATA and ACK 
signals occurs outside of said time period T^q, 



w 



18. A method as recited in claim 16 or 1 7. further com- 
prising periodically transmitting control signals from 
said base station to said wireless units, said control 
signals setting the duration of said time period Tpjg 
and indicating the number of times a wireless unit is 
may submit the same RTS signal within said time 
period Trts- 

19. Apparatus for controlling the flow of signals 
between wireless units and a base station in a wire- 20 
less communications network having a plurality of 
wireless units WUi . WU2 WU^ capable of com- 
municating with said base station when in a defined 
coverage area, said apparatus comprising: 

25 

means for transmitting a plurality of RTS sig- 
nals from a nuntser of said wireless units to 
said base station within a predefined time 
period, each said RTS indicating a request to 
transmit data signals or control signals from a so 
corresponding one of said wireless units: 
means for storing those of sakt plurality of RTS 
signals which are received by said base sta- 
tion: 

means for sequentially transmitting a plurality 35 
of CTS signals from said base station, each 
said CTS signal indicating that one of said wire- 
less units may transmit a data signal or a con- 
trol signal to said base station, wherein each of 
said CTS signals is immediately followed by the 40 
transmission of a data signal or a control signal 
from one of said wireless units until each of 
said numt>er of wireless units has transmitted 
at least one data signal or one control signal to 
said base station in accordance with said RTS 45 
signals. 



50 
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